Objective: Describe changes in sexual behaviour and determinants of unsafe sex among HIV-infected women in the 24 months after delivery.
Introduction
Being aware that one is HIV-infected results in substantial changes in an individual's sexual behaviour, including a marked increase in condom usage [1] [2] [3] . These effects are further enhanced by disclosure of HIV infection status to one's partner and by subsequent couple testing and counselling [4] [5] [6] . Nonetheless, unprotected sex among people living with HIV remains frequent, reported by between 10 and 60% of HIV-infected individuals [7] [8] [9] [10] . Further, use of condoms may decline over time, sometimes referred to as 'safe sex fatigue' [11] . That a large proportion of couples in sub-Saharan Africa are HIV discordant makes HIV testing and partner disclosure particularly important -up to half of couples with one HIV-infected partner may be discordant [12] . Therefore, in many areas with high HIV prevalence, more formal relationships such as married or cohabiting couples account for most cases of sexual transmission of HIV [13, 14] , but compared with more casual partnerships, have been most refractory to condom promotion activities.
For HIV-infected women in the postpartum period, who often only discovered they were HIV-infected during pregnancy, the practice of safe sex is influenced by factors such as lactational amenorrhoea, when a perceived low risk for pregnancy may undermine condom use [15] [16] [17] . A cross-sectional study among HIV-infected women up to 1 year after delivery in Kitale, Kenya, showed that only about 40% of sexually active respondents reported condom use, higher in women who had disclosed their HIV infection status to their partners [18] . Few prospective studies have examined the patterns and determinants of sexual risk behaviour among HIVinfected women who have participated in programmes to prevent mother-to-child transmission (MTCT) of HIV [9, 19, 20] . This is an important population, with repeated interface with health services and, thus, opportunities for safe sex intervention. The objectives of this longitudinal study, a sub-analysis of the WHO Kesho Bora trial [21, 22] , were to assess sexual activity, condom use and disclosure of HIV infection status among women in the first 24 months after delivery and to identify factors associated with unsafe sex with an HIV-uninfected or unknown status partner among sexually active women in this period. In particular, we tested whether disclosure of HIV status to partners and others is independently associated with unsafe sex.
Methods
The Kesho Bora study The analysis reported here was nested within a threecountry (Burkina Faso, Kenya and South Africa) randomized clinical trial, which assessed the efficacy and safety of antiretroviral drugs to prevent HIV infection in breastfeeding infants. Data are reported here from two sites in Kenya (Mombasa and Nairobi), and one in Bobo Dioulasso, Burkina Faso. Questionnaires on sexual behaviour were not administered in the two South African sites, which were therefore excluded from this analysis. The study design, methods and population are described in detail elsewhere [21, 23] . In brief, the study population consisted of pregnant women at 32 weeks gestation or less and were recruited from antenatal clinics where they were screened for eligibility after signing informed consent for screening (interview, physical examination, venipuncture for blood specimens, estimation of gestational age) and home visits. HIV-infected women who were residing and planning to continue to reside in the study site catchment area until 2 years after delivery, who had no contraindication to receive antiretroviral prophylaxis and no evidence of clinically significant conditions [obstetric, cardiac, respiratory (including active tuberculosis), hepatic, gastrointestinal, endocrine, renal, haematologic, psychiatric, neurologic or allergic] requiring care which may interfere with the study interventions, were eligible for study participation. At the enrolment visit, eligible women were asked to sign an informed consent form for enrolment and long-term storage of samples. Women eligible for the RCTalso were asked whether they agreed to randomization. HIVinfected pregnant women with WHO clinical stage 4 or a CD4 cell count below 200 cells/ml initiated antiretroviral treatment, and those with a CD4 cell count above 500 cells/ml received a short-course zidovudine-based regimen and single-dose (maternal and infant) nevirapine. Women with a CD4 cell count 200-500 cells/ml were randomized to receive either triple antiretroviral prophylaxis, or the short-course zidovudine-based regimen and single-dose (maternal and infant) nevirapine. About midway through the trial, women assigned the latter regimen were also given 7 days of zidovudine/lamivudine and their infants 7 days of zidovudine.
Women were followed during pregnancy and initially until 24 months after delivery. Due to fluctuations in available resources, the study protocol was altered in May 2006, restricting the follow-up duration to 12 months after delivery, but then extended to 18 months from December 2006 onwards. For administrative reasons, there was a delay in re-introducing the behavioural questionnaire in Kenya. Using face-to-face structured interviews, socio-demographic data, depression measures and disclosure of HIV infection status were collected at enrolment, and information on sexual activity and condom use, disclosure, depression, new sexual partners and partner HIV infection status were collected at 2 weeks postpartum and at 3, 6, 12, 18 and 24 months after delivery.
Qualified nurses, trained as counsellors, provided counselling for women on sexual behaviour and condom use before delivery, 4 weeks later and then every 2-3 months until 24 months. These sessions, either with individuals or in groups, discussed the importance of condom use for protecting themselves and their partner against sexually transmitted infections, including HIV. Counsellors also covered strategies for negotiating condom use and the role of dual protection, especially if their partner was HIV-uninfected or of unknown status. Women were offered free condoms and referred to support groups for people living with HIV.
Ethical approval for study procedures was given by local institutional and ethical review boards in Burkina Faso and Kenya and/or the National Drug Regulatory Authority (where required), as well as the ethical review committees at the WHO and the Centers for Disease Control and Prevention, which supported the Nairobi site.
Study measures
The primary outcome of this analysis was ever having unsafe sex. Unsafe sex was defined as self-reported unprotected sex (inconsistent or no condom use in the past month, or since delivery for the assessment at 2 weeks after delivery) with a regular partner who was HIVuninfected or of unknown status [10] . The denominator is women who reported ever being sexually active in the course of the study, as this enquiry focused on the factors affecting the decisions of sexually active women, not on a woman's choice to be sexually active or not. Effects of disclosure were evaluated separately by whether disclosure was to partners, relatives and friends or both these categories. The duration since women discovered their HIV infection status was dichotomized as less or more than 6 months before study enrolment.
Socio-economic status quintiles were constructed for each country, based on nine measures, including household goods, amenities and source of water and electricity. Contraception was categorized as hormonal (injectable, oral contraception or implant), reported use of condoms for contraception, or other method. This enabled assessment of whether use of condoms for dual protection was associated with less unsafe sex. Depression was measured using ICD-10 depression Likert scales [24] .
Data management and analysis
Data were double entered by separate clerks and analysed using Intercooled Stata version 11.0 (College Station, Texas, USA). Descriptive analysis of the population characteristics assessed the distribution of continuous variables and the frequency distribution of categorical variables in contingency tables. Socio-demographics, reproductive health history and HIV disease stage were compared between women in Burkina Faso and Kenya (there were few socio-demographic differences between women in Nairobi and Mombasa, so participants from these two sites were combined). Chi-squared tests were used to detect associations between categorical variables and unpaired Student's t-tests used for analysis of continuous variables. To describe changes over time in sexual behaviour and disclosure, cumulative percentages were calculated, showing the proportion of women who had reported sexual activity and unsafe sex from delivery until each time point. In univariate analysis, we identified associations between the study outcome and variables including country, socio-demographics, duration since known HIV-infected, disclosure, HIV disease stage and receipt of antiretroviral drugs. Multivariable logistic regression then identified factors independently associated with the study outcome. Variables associated with the outcome in univariate analysis (P < 0.1) were included in the initial model and retained if removal markedly altered the model's fit. Variables were entered into the model sequentially, those with the strongest association with the outcome entered first (forward fitting).
Results

Participant characteristics
Between January 2005 and December 2007, 771 HIVinfected pregnant women were enrolled in the study, 339 in Burkina Faso and 432 in Kenya. Women were allocated a short-course zidovudine-based regimen and single-dose (maternal and infant) nevirapine (126/771, 16.3%) or antiretroviral treatment (118/771, 15.3%) or were randomized to either a short-course zidovudine-based regimen and single-dose (maternal and infant) nevirapine prophylaxis (266/771, 34.5%) or triple antiretroviral prophylaxis (261/771, 33.9%). (Table 1 ) was similar between countries (27.6 years, SD ¼ 4.8 in Kenya and 27.9 years, SD ¼ 5.3 in Burkina Faso; P ¼ 0.34). Women in both sites had a similar number of live children, but fewer participants in Kenya were married or had a regular partner (90.7%, 392/432) than in Burkina Faso (96.8%, 328/339). Compared with women in Kenya, those in Burkina Faso were less educated (only a quarter had received schooling beyond the primary level), 17.8% fewer had disclosed their HIV infection status to anyone, and they had more advanced HIV disease. At study entry, only 14.7% of the participants reported being aware for more than 6 months, that they were HIV-infected, similar in both sites. About a third of women reported knowing the HIV infection status of their regular partner (256/720, 35.6%), with 39.1% of these women indicating their partner was HIV discordant (100/256). By 6 months postpartum, menses had returned for 75.2% of the women and most sexually active women were using hormonal contraception (57.2%, 186/325).
Mean age of participants
Postpartum sexual behaviour
The proportion of participants who were sexually active at each time point rose from 3.2% at 2 weeks postpartum to 39.9% at 3 months and 50.9% at 24 months, with cumulatively 77.6% reporting any sexual activity by 24 months (Table 2 and Fig. 1 ). Rates of acquisition of a new sexual partner increased gradually in the same period, reaching 8.4% 2 years after delivery. Cumulative measures of condom use were assessed among sexually active women -the proportion of the study population included in the denominator thus rose over time as more women became sexually active. In the repeat crosssectional data, at all visits except at week 2 (when few women reported sexual activity), about a third of sexually active women reported having had sex in the past month with an HIV-uninfected or unknown-status partner. Cumulatively, between 40.7 and 44.9% reported unsafe sex (Fig. 2) . No association was noted between unsafe sex and the time between delivery and resumption of sex in 1000 AIDS 2012, Vol 26 No 8 Multiple-response question. Table 2 ).
was relatively uncommon (4.6%, 23/496), but mostly resulted in a supportive response (22/23, one indifferent).
Multivariable analysis
Study country, age group, HIV disclosure status and WHO clinical HIV stage and number of postpartum visits were included in multivariable analysis (Table 3) . Interaction, especially by site, was examined using formal tests for interaction as well as by viewing trends in effect estimates over study strata [25] . No substantial interaction was detected. Women in Kenya were more likely to report unsafe sex compared with those from Burkina Faso [adjusted odds ratio (AOR) ¼ 1.70; 95% CI ¼ 1.14-2.54;
Effect sizes of disclosure status were largest of all covariates and increased with the extent of disclosure. Compared with women who had disclosed their status to both their partner and others, unsafe sex was 6.33-fold higher in those who had not disclosed to anyone (95% CI AOR ¼ 3. 
Discussion
This cohort analysis examined changes in sexual behaviour among HIV-infected women in the 12-24 months after delivery in an east and a west African country, and showed that nearly half had unsafe sex with an HIV-uninfected or unknown-status partner, risking HIV transmission to that partner, and that only two-thirds disclosed to their partners. These high levels of unsafe sex, mostly with partners of unknown HIV infection status, occurred despite repeated condom provision and counselling, though the efficacy of such interventions in altering sexual behaviour is uncertain [9] .
The first 2 years after delivery encompasses several substantial transitions for women as they move from pregnancy and delivery back to reproductive potential, the return of sexual activity (frequently accompanied by sexual dysfunction) [26] and often considerable sociocultural changes over this period [17, 27, 28] . The study population of HIV-infected women appears to resume sexual activity later than women in the general population. The proportion sexually active by 6 and 12 months in our population was lower than that in the general population in almost all 17 countries included in a systematic review [29] , and lower than that in the 2008 Kenya demographic and household survey [30] .
Health services are currently poorly suited to addressing many of these concerns, especially those which centre on social and sexual well being. There is promising evidence, however, that a comprehensive integrated approach can have positive impact on women's health in this critical period [28, 31] . Plans to provide antiretroviral prophylaxis for reducing MTCT during breastfeeding, up to a year or more after delivery [32] , and provision of additional infant feeding counselling and support for women using replacement feeding, present a vital opportunity for reconfiguring postpartum services, based on this evidence. To be acceptable and effective, these services should fully incorporate longitudinal care for women, including interventions to prevent further sexual transmission, and be provided from the first few days after delivery [33] and perhaps for as long as 2 years postpartum [34, 35] .
Absence of partner disclosure was the preeminent predictor of unsafe sex. Some studies have examined ways of increasing disclosure and documented similar negative and positive outcomes of disclosure to this study [36] [37] [38] [39] . Negative reactions following disclosure to relatives or friends were uncommon, as in previous studies [40, 41] , and is likely due to women avoiding disclosure if they expect an unsupportive reaction [42] . Disclosure to partners is complex and its outcome might be a proxy for the quality of underlying relationships and of personality factors, for example. These variables might, in part, account for safe sex practices, rather than the act of having disclosed per se [37] . Determining the direction of causality thus is difficult. Nevertheless, additional efforts are clearly needed to increase disclosure to sexual partners in Africa, to make this a more routine practice, while still protecting the rights of persons with HIV [39, 43] . As in a previous report [40] , reactions to disclosure among relatives or friends are generally supportive, likely due to the nonsexual nature of these relations and as people may have a larger number of friends or relatives, than partners from which to choose who to disclose to. The study included only HIV-infected women and only few studies have examined disclosure by HIV-uninfected women, an important issue. Limited evidence suggests disclosure rates to partners are higher in HIV-uninfected than in HIV-infected women, disclosure by uninfected women is by no means universal [40] . In one study in the Cote d'Ivoire, 18 months after childbirth, 43% of HIV-infected women had disclosed their status to their partner, whereas more than 95% of their uninfected counterparts did so [44] . Only 15% of HIV-infected women said that their partner had tested and that they knew his status.
In many areas heavily affected by HIV, women face alarming levels of intimate partner violence, which may be even further heightened during and after pregnancy, or following disclosure of HIV infection status [41, 45, 46] . In addition to violence from men, it is also important to consider changes in male sexual behaviours during pregnancy and the postpartum. Previous studies in Africa suggested that women believed that pregnancy and a period of postpartum abstinence will increase male infidelity [9, 47] . The finding in some [48] [49] [50] , but not all [51] studies, that women have higher risks for HIV acquisition during pregnancy and postpartum also may indicate that men increase risk behaviours at this time. Another possibility is that hormonal changes affecting the genital tract mucosa or altered immune responses in women during this period account for their increased susceptibility to HIV acquisition [48] . Such biological changes might also increase women's potential for onward HIV transmission.
The higher levels of unsafe sex in younger women likely reflect their diminished control over sexual decisions, starkly demonstrated by the ongoing high levels of HIV incidence in this age group [52] . Higher levels of unsafe sex among women in Kenya than in Burkina Faso is consistent with some population-level data [30, 53] , but not other studies comparing east and west Africa [54] [55] [56] [57] , which suggested that other factors such as male circumcision and prevalence of Herpes simplex virus type 2 account for differential rates of HIV infection between these regions.
The use of self-reported outcomes limits the study, due to their potential for measurement bias. Further, the ability to generalize the study findings to other women in east or west Africa may be reduced as women received repeated counselling on safe sex, and participation in a trial in itself can alter behaviours and reporting [58, 59] . Differential lengths of follow-up, with only a subgroup of women followed beyond 12 months, complicate comparisons between groups at different time points. As the variation in follow-up duration was largely due to administrative and financial reasons rather than low cohort retention, the missing information is nondifferential in nature, likely only introducing minimal bias.
In conclusion, there is much merit in giving increased attention to devising a combination of positive prevention interventions for this group of women to make use of the increasing interface with them in programmes to prevent MTCT, particularly with the prolonged provision of antiretroviral prophylaxis during breastfeeding [32] . Counselling messaging at these visits need to be carefully piloted and tested, in addition to building the skills women require to negotiate safe sex. A further priority question from this study is how best to safely address the barriers to beneficial disclosure, that still about a third of women experienced, more than 2 years after HIV diagnosis.
